Previous views concerning the number and age of planation surfaces in the Polish segment of the Carpathians varied depending on the state of recognition of geological structure of the area. The most commonly accepted opinion says that at least three such surfaces, representing remnants of pre-existing landscapes, can be traced in the study region. These include the intramontane (Early Pliocene), foothills (Late Pliocene) and riverside (Early Pleistocene) levels. Scarce fission track data pertaining to the age of exhumation of the Carpathian orogen indicate that the preserved "planation surfaces" could not had formed before ca. 7 Ma. A possibility exists, however, that individual bevels could have been shaped at the same time at different altitudes, with respect to local base levels and differentiated bedrock resistance to erosion.
INTRODUCTION
Planation surfaces, defined as "topographic surfaces which are nearly flat over longer distances" (Migoń, 2004b, p. 788) showing, however, some minor relief, include peneplains, pediplains, etchplains, abrasion platforms, as well as plains formed by frost processes in the periglacial zone (altiplanation surfaces), glacial erosion, or salt weathering (Adams, 1975; Fairbridge and Finkl, 1980; Twidale, 1983; Phillips, 2002; Migoń, 2004a,b; White, 2004b; Allen, 2008 and references therein). It is commonly accepted nowadays that plains of long geomorphic history, like peneplains or pediplains, represent mostly polygenetic surfaces which have been moulded by various processes, not necessarily during prolonged periods of tectonic quiescence and at different altitudes with respect to the base level (Willet et al., 2001; Migoń, 2004a,b; Babault et al., 2007; Pelletier, 2010) . Babault et al. (2007) even postulated that erosion surfaces tend to develop during tectonic convergence.
Low-relief areas in mountain ranges are either pre-orogenic, synorogenic or post-orogenic (Calvet and Gunnell, 2008) . Elevated erosion surfaces in active orogens have traditionally been interpreted as uplifted peneplains (Davis, 1911) , the origin of which required recent surface uplift of the pre-existing landscape (Clark et al., 2005) . It is likely, however, that such surfaces may form at different elevations and that scattered bevels could have been shaped locally and independently of one another (e.g., Gubbels et al., 1993) . A recent study of uplifted planar topography of the East Pyrenees has shown that it is a palaeosurface that graded to local base levels via low-gradient piedmonts and formed at elevations exceeding 1,000 m a.s.l., being later further uplifted and dissected (Calvet and Gunnell, 2008) .
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The aim of this paper is to give a short overview of different concepts pertaining to the origin, number and age of "planation surfaces" in the Polish Carpathians (Figs 1, 2).
PLANATION SURFACES IN THE POLISH CARPATHIANS
Traditional geomorphic studies in the Carpathians aimed at reconstructing long-term development of landforms basing on analysis of deformed planation surfaces, drainage pattern changes, deformation of fluvial terraces and diversified thicknesses of Quaternary sediments infilling young sedimentary basins. The patterns of drainage systems and principal geomorphic units used to be related to transversal undulations of the orogen (W. Teisseyre, 1921; H. Teisseyre, 1928; Świderski, 1934-35; Klimaszewski, 1965; cf. Fig. 3 ) and structural style of individual nappes as well as bedrock resistance (Starkel, 1969b (Starkel, , 1972 Henkiel, 1977) , while neotectonic (Pliocene-Quaternary) deformations were associated with large-scale, asymmetric dome-like uplift of the Carpathians with the Tatra massif in their central part (Klimaszewski, 1966; Książkiewicz, 1972; Mazúr, 1979; Lacika and Urbánek, 1998;  Lacika, 2004) , or with block-type motions (Bashenina et al., 1969; Fusan et al., 1979) .
Neogene tectogenesis of the Northern Carpathians (Książkiewicz, 1972; Tokarski, 1978; Jiřiček, 1979; Fodor et al., 1999; Oszczypko et al., 2005 Oszczypko et al., , 2008 Kovač et al., 2007; Golonka et al., 2009 ) indicates that relief development was not at all isochronous, as it was suggested in previous papers. The main episodes of overthrusting in the Outer Western Carpathians (OWC) in Poland took place after the Ottnangian and before the Karpatian, during the late Badenian, and after the Sarmatian, proceeding with a mean rate of 12 mm/yr during 7 m.y. time span (Karpatian-Sarmatian; cf. Oszczypko et al., 2005) . Recent studies indicate that thrusting was also active after the Pannonian in the western portion of the area (Wójcik and Jugowiec, 1998) .
During the Neogene, the size of erosional dissection of the OWC amounted to 280-400 m, increasing to 820-1,000 m in the Eastern Carpathians (Zuchiewicz, 1984a,b) . The coeval subsidence of individual basins in the Inner Carpathians of Poland exceeded, in turn, 1,000 m being accompanied by ca. 200-550 m uplift of the surrounding mountain ranges.
Following traditional opinions, the OWC landscape is dominated by at least four erosion surfaces ("planation surfaces") that were mainly shaped due to planation proceeding upstream along the main river valleys, usually owing to lateral slope retreat (Sawicki, 1909; Klimaszewski, 1934 Klimaszewski, , 1965 cf. Fig. 4) . The evolution of the landscape was mainly controlled by differentiated bedrock resistance to erosion as well as by young tectonic movements that prevented development of fully developed, "mature" planation surfaces (Fig. 5) . The preserved fragments of individual bevels represent remnants of pre-existing hilly landscape of relief energy ranging between 50-80 m and ca. 100 m. Proceeding from the Carpathian margin towards the south, bevels of increasing height and age tend to appear.
The oldest Beskidy level (Sawicki, 1909 ) is to be found upon planar mountain ridges showing uniform long profiles. It cuts resistant, thick-bedded sandstone complexes in the westernmost part of the OWC in Poland. The altitudes of this level change from 1000-1200 m a.s.l. in the Silesian and Sądecki Beskid Mts. to 800-900 m a.s.l. in the Beskid Mały Mts., and it is dissected by 200-500 m deep valleys. Different heights of preserved fragments of this level used to be explained by subsequent tectonic reorganization (cf. Stehlik, 1964 Stehlik, , 1965 Mazúr, 1963 Mazúr, , 1965 Mazúr, , 1979 Malarz, 1974; Malarz and Ziętara, 1975; Figure 3 . Summit surface of the Northern Carpathians (after H. Teisseyre, 1928 ; see also Zuchiewicz, 1995; modified) .
http://rcin.org.pl Klimaszewski, 1965 Klimaszewski, , 1967 modified) . Figure 5 . Types of morphology of planation surfaces in the Polish Outer Carpathians (based on Henkiel, 1969, modified; cf. also Zuchiewicz, 2010) a -intramontane level, b -foothills level, c -riverside level; 1 -soft-rock pediments (glacis), 2 -erosion surfaces, 3 -undulated denudation plains, 4 -remnants of pre-existing relief, 5 -denuded slope, 6 -pediments. Baumgart-Kotarba et al., 1976) . It is difficult to decide, however, whether these fragments really represent remnants of a former planation surface or are bevels controlled by low-resistant bedrock or subhorizontally dipping strata. Some authors questioned the presence of such a level in the Polish Carpathians (Starkel, 1972 (Starkel, , 1975 .
The younger intramontane level (Klimaszewski, 1934 ) cuts both strongly and moderately resistant flysch strata. It forms vast flat areas present within high foothills, rocky benches surrounding mountain ranges and planar interfluves (Figs 4, 5) . The altitudes change from 450-500 m a.s.l. within the foothills to 700-1000 m a.s.l. in the Beskidy Mts., whereas relief energy values are between 230-250 m and 300-500 m. The origin of this level used to be assigned to planation processes active in semi-arid climate (Klimaszewski, 1934; Starkel, 1965 Starkel, , 1969b Starkel, , 1975 Starkel, , 1976 Baumgart-Kotarba et al., 1976; Henkiel, 1977) ; some authors took also into account lateral river erosion (Činčura, 1967; Harčar, 1975; Mazúr, 1965; Mazúr and Činčura, 1975 (Starkel, 1965 (Starkel, , 1969b (Starkel, , 1972 (Starkel, , 1975 (Starkel, , 1976 Baumgart-Kotarba et al., 1976; Henkiel, 1977 Henkiel, , 1977 . This level is developed best upon exposures of moderately-resistant rocks. The amount of erosional dissection changes from 150-200 m in axial parts of neotectonically elevated areas to 120 m in the foothills. In the latter area as well as in intramontane basins, it is considered to represent a fully developed "planation surface" (Starkel, 1965; Henkiel, 1977) , while in higher elevated ranges this level resembles a hilly, undulating landscape upon interfluves or erosional breaks of slope on valley sides (Henkiel, 1977-78) . At the feet of isolated mountain massifs, however, the level remnants are composed of either flat or bevelled "true" pediments or soft-rock pediments (glacis d'erosion; cf. Twidale, 1978; Oberlander, 1989; White, 2004a,b) . According to Klimaszewski (1934 Klimaszewski ( , 1937 and Starkel (1965 Starkel ( , 1969b Starkel ( , 1972 Starkel ( , 1975 , the level originated due to pediplanation in a semi-arid climate, while Henkiel (1969 Henkiel ( , 1977 suggested prevalence of a warm and moist climate suitable for intensive chemical weathering. The inferred size of uplift of this level was to be strongest in the Beskidy Mts. and least intensive in the Figure 6 . Neotectonic sketch-map of the Outer Carpathians of Poland (based on Klimaszewski, 1965;  modified by Starkel, 1972 ).
Jasło-Sanok Depression (Klimaszewski, 1965; Starkel, 1972) . Worth noting is a drop in elevation of the foothills level on the northern margin of the Beskid Niski Mts., in a zone considered by Starkel (1972 Starkel ( , 1975 Starkel ( , 1976 ) a "young tectonic line" that continues farther west into the Rożnów -Żegocina -Wiśniowa zone (Fig. 6) .
The youngest riverside level ("poziom przydolinny" in Polish -a name coined by Starkel in 1965 for a Slovak term "poriečna uroveň" introduced by Mazúr in 1963; see also "Nockowa level" of Starkel, 1957 , 1969a ,b and compare: Mazúr, 1979 Minár et al., 2004 ) is ubiquitous within low foothills composed of poorly-resistant rocks (Figs 4, 5) . Vast surfaces occupied by this level dominate the landscape of the Jasło-Sanok Depresssion, where lateral erosion was thought to have been the most influential relief-forming agent (Fleszar, 1914) . At the feet of the Silesian and Mały Beskid Mts., the level represents soft-rock pediments (Starkel, 1972) , while in the main OWC valleys it can be correlated with few levels of strath terraces (Henkiel, 1969 (Henkiel, , 1977 Zuchiewicz, 1984a Zuchiewicz, , 1988 Zuchiewicz, , 1989 Zuchiewicz, , 1991 Zuchiewicz, , 1995 . The altitudes rise from 290-320 m a.s.l. in the Carpathian marginal zone to 500-600 m a.s.l. in the Beskidy Mts., and even to 700 m a.s.l. in the Bieszczady Mts. in the eastern portion of the Polish Carpathians (Starkel, 1972) . Relief energy values tend to increase to the south and east, from 40-50 m to 80-110 m, dropping in the Jasło-Sanok Depression to 30-70 m. The highest figures typify the Beskid Sądecki Mts. dissected by the Dunajec River water-gap (cf. Figs. 7, 8; Zuchiewicz, 1983 Zuchiewicz, , 1984a ). The evolution of riverside level used to be associated with semi-arid climate characterised as well by episodic intensive rainfalls suitable for slopewash processes. Such a view resulted from a dominating in these times concept of coeval formation of the riverside level and deposition of coarse-clastic, Villafranchian-type deposits of the Witów Series in front of the Carpathians (Dżułyński et al., 1968; Starkel, 1969a,b; Henkiel, 1977) . Recent revision of the age of this series, based on macro-plant determination (Middle-Late Miocene; cf. Brud and Worobiec, 2003; Brud, 2004) , contradicts such an hypothesis.
A summary of different views on the number and age of planation surfaces in the Czech, Slovak, Polish and Ukrainian Carpathians is provided in papers by Zuchiewicz (1995 Zuchiewicz ( , 2009 Zuchiewicz ( , 2010 . Rudnytsky (1905) , Romer (1907) , Smoleński (1911) and Fleszar (1914) claimed that the Carpathian drainage network became increasingly more controlled by underlying geological structures owing to epigenesis, via formation of a peneplain and its subsequent dissection upon exposures of poorly-resistant rocks. Rudnytsky (1905) assumed the presence of a vast peneplain in the western part of the Dnister River drainage basin and concluded about minor Pliocene uplift, later replaced by strong Pleistocene exhumation. Romer (1907) , in turn, maintained that the strongest surface uplift preceded the Pleistocene. Sawicki (1909) put forward an hypothesis that peneplain already disappeared in the Pliocene and that the most significant exhumation took place in the Sarmatian, while Pokorny (1911) concluded about intensive planation in Sarmatian time being succeeded by uplift in the Pliocene. Świderski (1934-35) distinguished two and three pre-Badenian erosional cycles in the Western and Eastern Carpathians, respectively. Sawicki (1909) described two planation surfaces formed at the turn of the Oligocene and Miocene and before the Badenian. This view was questioned by Pawłowski (1916) who inferred a post-Miocene age of these surfaces. H. Teisseyre (1928) considered the "summit surface" of the Outer Carpathians (Fig. 3 ) a typical structural feature reflecting both exposures of resistant strata and variable rates of tectonic movements. A few years later, Klimaszewski (1934 Klimaszewski ( , 1937 and Smoleński (1937) A concept of the Sarmatian age was based on the then dominating view of the Late Badenian age of Sarmatian molasses filling the Carpathian Foredeep Basin. Another concept was later presented by Starkel (1957 Starkel ( , 1969b Starkel ( , 1972 who assigned the intramontane (250-400 m), foothills, and riverside levels the Early Pliocene, Late Pliocene, and Early Pleistocene ages. This view was upheld by Zuchiewicz (1978) in respect to the Beskid Sądecki Mts. In the Slovak Carpathians, Lukniš (1962 Lukniš ( , 1964 distinguished two (Sarmatian-Pannonian, Late Pliocene), and Mazúr (1963 Mazúr ( , 1965 ) -three planation surfaces (Tortonian-Early Sarmatian, Pannonian, Late Pliocene).
PLANATION, EROSION AND UPLIFT IN THE LIGHT OF PREVIOUS STUDIES
Arguments in favour of post-Sarmatian age of thrusting east of the Dunajec River valley in the OWC (Obuchowicz, 1963; Cisek and Czernicki, 1964; Książkiewicz, 1972; Połtowicz and Starczewska-Popow, 1973; Połtowicz, 1974) led Starkel (1969b Starkel ( , 1972 Starkel ( , 1975 to hypothesize about Pliocene ages of planation surfaces situated below the Beskidy level. Velikovskaya (1968) , in turn, reconstructed only one, much more younger than Badenian, planation surface in the Eastern Carpathians. This surface was thought to have been uplifted and faulted during Late Pliocene and Early Pleistocene times. Another view was presented by Demediuk (1983 Demediuk ( , 1994 who distinguished in the Eastern Carpathians four planation surfaces shaped in the Karpatian (Połoniny level), Pontian (Beskidy level), Late Pliocene (upper riverside level; Krasna/Skrideisky levels), and Early Pleistocene (lower riverside level; Loyova, Boroniava/Kopan' levels).
Geomorphic studies conducted by Zuchiewicz (1980 Zuchiewicz ( , 1984b in the Pieniny and Beskid Sądecki Mts. led to a conclusion that the Beskidy level originated in the Early Sarmatian, and was later successively dissected and faulted during the Early Pannonian "Moldavian phase". The younger intramontane and foothills levels were, hence, assigned the Pannonian and Romanian ages. The amount of exhumation inferred from the size of erosional dissection of individual levels in the Dunajec River drainage basin (Figs 7, 8 ) was estimated at: 220-360 m (Early Pannonian), 75-320 m (Dacian), and 30-150 m (Romanian/Early Pleistocene; cf. Zuchiewicz, 1984a,b) , respectively. Baumgart- Kotarba (1973 Kotarba ( , 1974 distinguished five ridge levels rising above the foothills level; Figure 8 . Geomorphic subdivision (a; based on Krawczyk and Zuchiewicz, 1989; modified) and amount of erosional dissection (b; based on Zuchiewicz, 1984b Zuchiewicz, , 1995 Zuchiewicz, , 2010 modified) of planation surfaces in selected regions: solid lines denote the size and dotted lines portray rates of dissection on Bubnoff diagrams.
hence, the number of levels increased to seven.
Another picture represents the Polish segment of the Inner Carpathians where five to six levels were distinguished in the Tatra Mts. (Klimaszewski, 1988; Bąk, 1989) Kotarba, 1983 Kotarba, , 1996 . These levels, markedly lowered in the axial part of the Orava -Nowy Targ Basin (Figs 9-11) , have their higher-situated age equivalents on the southern slopes of the Beskid Sądecki Mts. (Baumgart- Kotarba, 1983) .
Few authors attempted at reconstructing palaeomorphology of individual levels (Starkel, 1965 (Starkel, , 1966 Henkiel, 1969 Henkiel, , 1977 Zuchiewicz, 1988; cf. Figs 12, 13) . The most detailed reconstruction by Starkel (1965) was an effect of careful mapping of interfluve landforms in the upper San River Kotarba, 1983 ; modified); b -section across the Dębno-Frydman Graben (after Pomianowski, 2003; modified) . Note that both sections are of different scales. See Fig. 4 for location. drainage basin that made it possible to present the landscape of individual levels being later remodelled due to differentiated bedrock resistance (Fig. 12) . None of these hypotheses, however, explains the presence of Badenian molasses preserved in river valleys of the East Carpathian foothills (cf. Rajchel, 1976; Cieszkowski et al., 1977) ; a fact that led A. Wójcik (in: Cieszkowski et al., 1977) to consider the foothills level an abrasion surface of the Early Badenian sea, dissected and deformed during subsequent tectonic movements (see also Wójcik, 2003) .
PALAEOGEOGRAPHICAL IMPLICATIONS
A review of palaeogeographical studies of Miocene molasses filling the Carpathian Foredeep Basin led Zuchiewicz (1987a,b) to distinguish approximately ten episodes of intensive erosion between the Middle Egerian and Romanian, separated by relatively short "quiescent" intervals lasting 1 to 3 m.y. It is likely, therefore, that in the Neogene long-term, uninterrupted development of "planation surfaces" was impossible. The intramontane and foothills levels were usually considered pediments. The development of the latter necessitates the presence of arid or semi-arid climate with episodic torrential rainfalls destroying vegetation cover, suitable for intensive weathering, and active during prolonged periods of tectonic quiescence. Pécsi et al. (1985) and Pécsi (1994) estimated the duration of Late Neogene pedimentation in Hungary at 5 to 2.5 m.y. Comparable conclusions can be drawn from palaeoclimate reconstructions (e.g., Łańcucka-Środoniowa, 1963 Oszast and Stuchlik, 1977; Stuchlik, 1980; Kvaček et al., 2006) , which exclude a possibility of Neogene development of typical pediments, except in the Early Miocene. The only Neogene stages, the duration and climate of which could have been suitable for planation processes, were: Kosovian and/or Early Sarmatian, Pannonian, and -in part -Pontian and Romanian. One can not exclude, however, that individual bevels could have formed at the same time at different altitudes upon exposures of moderately and poorly resistant strata. These bevels could have been separated by exposures of resistant rocks that formed local bases of erosion. It was already suggested for some areas (cf. Bieszczady Mts.) that all "planation surfaces" represent structural surfaces formed on gently /subhorizontally dipping and/or poorly resistant strata (Tokarski, 1975) .
DISCUSSION
A concept of development of several planation surfaces preserved upon exposures of strata showing differentiated resistance to erosion, and deformed during few "orogenic phases" remained in geomorphic literature till the end of the 1980s. Four and four to six planation surfaces were distinguished in the Outer and Inner Carpathians, respectively (cf. Starkel, 1972 Starkel, , 1988 Baumgart-Kotarba, 1983; Zuchiewicz, 1984a,b; Gilewska, 1987; Klimaszewski, 1988) , although the lack of correlative sediments made age determination of individual surfaces impossible. The last exchange of views between adherents of two contradictory evolutionary concepts took place in years (Klimaszewski, 1987 Starkel, 1988) ; later case studies concerned several regions in the Inner (i.a., Kukulak, 1991 Kukulak, , 1993 Bac-Moszaszwili, 1993 Fig. 14) and Outer Carpathians (Bieszczady Mts.; Kukulak, 2004; Haczewski et al., 2007; Fig. 15 ). In the last decade the problem re-appears in geomorphic literature following the advent of new research methods (Starkel, 2003; Minár et al., 2004; Danišík et al., 2008) . Some authors, however, completely negate a possibility of development of Miocene planation surfaces in the OWC, taking into account the size of eroded overburden, which, for instance in the Belokarpatská Unit of the Magura Nappe (Czech Republic), amounted to 1.4 km (cf. Bíl et al., 2004) . In this case, intensive erosion should have generated passive isostatic rebound that led to a state of dynamic equilibrium between uplift and denudation. The landscape, therefore, could have developed nearly continuously, without being interrupted by prolonged episodes of planation. I am inclined to support such a view.
Numerous pieces of evidence in favour of nearly continuous tectonic mobility of the OWC nappes in the Neogene (Oszczypko and Ślączka, 1985; Oszczypko, 1996 Oszczypko, , 1997 Kováč, 2000; Oszczypko et al., 2005 Oszczypko et al., , 2008 contradict a concept of uninterrupted development of "planation surfaces" during prolonged periods of tectonic quiescence. 167 Nappe stacking proceeded continuously, although with variable intensity (7.7-20 mm/ yr), between Burdigalian and Serravallian (Oszczypko, 1997) . As far as the Inner Carpathians of Poland are concerned, the size of exhumation of the Tatra Mts. crystalline core, deduced from fission track determinations, amounted to 5 km during the past Figure 14 . Staircase-like arrangement of interfluve levels in the western Podhale region (based on Kukulak, 1993; simplified) . See Fig. 4 for location.
http://rcin.org.pl Witold Zuchiewicz 168 26-10 m.y. (Burchart, 1972 ) or 30-15 m.y. (Kovač et al., 1994 , and to 2 km between 7 and 2 Ma (Baumgart- Kotarba and Král, 2002; cf. Fig. 16 ). Results of speleothem dating in the Tatra caves indicate that the age of the oldest denudation surfaces in the Tatra Mts. does not pre-date the youngest Miocene (Głazek, 1996) . The reconstructed position of an hypothetical palaeo-summit surface in the Outer Eastern Carpathians of Poland was indicative of large, although differentiated values of denudation during exhumation (Kuśmierek, 1990; Maćkowski et al., 2009) . One should also take into account the role of compaction of Miocene molasses underlying overthrust flysch nappes. These figures amounted to 500 m after the Early Sarmatian and 200-300 m after the Early Pliocene (Oszczypko et al., 1993) . Rates of exhumation deduced from the size of erosional dissection of "planation surfaces" and variable estimates of Neogene denudation (Malarz, 1992; Zuchiewicz, 1995) are, therefore, poorly constrained. These circumstances led Minár (2003) to put forward a concept of the so-called "tectoplain", i.e. polygenetic denudation-accumulational surface that originated due to planation of tectonically active areas in predominantly extensional regime. According to this view, the intramontane level should have developed diachronously following the last episode of nappe stacking in the OWC: strongly in the south and less strongly in the north, Figure 15 . Remnants of planation surfaces in the Bieszczady Mts., Outer Eastern Carpathians of Poland (based on Kukulak, 2004; simplified) . See Fig. 4 for location.
Planation surfaces in the Polish Carpathians: myth or reality? 169 and earlier (Pannonian) in the west and later (Pannonian-Pontian) in the east. The younger levels were to originate in the Pontian and Late Pliocene -Early Pleistocene times. The proposed time intervals resulted from field studies in the Bratislava environs and middle Hron River drainage basin, where the discussed denudation surfaces cut strata of well-constrained ages (Bizubová and Minár, 1992; Bizubová, 1998; Minár, 2003; Minár et al., 2004) .
The size of exhumation of the medial segment of the OWC in Poland in Late Neogene and Quaternary times, inferred from relief energy values of "planation surfaces" (Starkel, 1972) , used to be reconstructed at 150-900 m (av. 300 m; cf. Zuchiewicz, 1984a Zuchiewicz, ,b, 1991 . Nevertheless, the number and age of such surfaces are a matter of debate and the lack of correlative sediments prevents detailed age estimation. Recent attempts at fission track and (U-Th)/He dating of teschenite intrusions cut by the intramontane level in the Czech segment of the OWC (Danišík et al., 2008) indicate that development of "planation surfaces" in this area must have post-dated the Pannonian (7.1 Ma), what does not contradict a concept of Pliocene age of these surfaces in the Polish Carpathians ( Fig. 16 ; see also discussion in: Zuchiewicz, 1984a Zuchiewicz, ,b, 1995 Zuchiewicz, , 2010 .
The estimated size of post-orogenic isostatic uplift during the past 10 m.y. changed between 1,000 m in the Western Beskidy Mts. to 260-360 m in the Carpathian Foothills (Oszczypko, 1996) . Recently published estimates of the size of denudation based on analyses pertaining to the degree of diagenesis, fluid inclusions, or compaction of flysch strata (cf. Kuśmierek, 1990; Oszczypko et al., 1993; Kotulová et al., 1998; Hurai et al., 2000; Anczkiewicz et al., 2005; Świerczewska, 2005; Środoń et al., 2006; Środoń, 2008; Maćkowski et al., 2009 ) are a matter of debate. Moderate values of Bouguer gravity anomalies point to the role Figure 16 . "Planation surfaces" in the Polish Carpathians versus the Late Cenozoic time scale and timing of exhumation inferred from apatite fission track dating (compiled after Kováč et al., 1994, Baumgart-Kotarba and Král, 2002; Oszczypko et al., 2005; Geological Time Scale, 2008; and Mazzoli et al., 2010) . of non-isostatic processes leading to young uplift ranging between 250 m and 550 m (Zoetemeijer et al., 1999) . A more reliable estimate is provided by fission track studies (cf. Mazzoli et al., 2010) . These data indicate that exhumation (32.1±4.8 to 7.0±0.8 Ma) was in part coeval with tectonic shortening, relatively fast, and "younging" towards the east. The average rate of exhumation (0.6 to 0.8 mm per year, depending on the assumed value of geothermal gradient) largely exceeded the reconstructed rates of erosion, pointing to dominant role played by extension-related tectonic exhumation (Mazzoli et al., 2010) .
CONCLUSIONS
Infrequent fission track dating pertaining to the age of exhumation of the Carpathian orogen indicate that the preserved "planation surfaces" (intramontane, foothills, riverside) could not had formed before ca. 7 Ma. A possibility exists, however, that individual bevels could have been shaped at the same time at different altitudes, with respect to local base levels and differentiated bedrock resistance to erosion.
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